We report the nucleotide sequence of a 1.45 kb segment containing the eta gene, coding for staphylococcal exfoliative toxin A (ETA), isolated from the recombinant plasmid pETA-J3. The coding region of 840 bp specified a polypeptide of 280 amino acid residues which included a putative 38 residue signal sequence. The amino acid composition deduced from the structural gene was in agreement with the results of peptide analysis of the ETA molecule reported by others. The sequence of the 35 N-terminal amino acid residues of ETA derived from Staphylococcus aureus strain ZM was also consistent with that deduced from the DNA sequencing.
In this communication, we report the sequence of the entire coding region as well as the putative promoter of eta. We have also determined the N-terminal amino acid sequence of sETA protein.
METHODS
Bacterial strains and media. S. aureus strain ZM, an ETA-producing strain, and E. coli transformant strain Ceta, carrying the cloned eta gene, were as described previously (Kondo et al., 1973; Sakurai et al., 1987) . Phage M13mp18 and E. coli JM109 were included in a sequencing kit obtained from Takara Shuzo (Tokyo). ET-broth (Sakurai et al., 1987) and L-broth (Miller, 1972) were used for growth of S . aureus and E. coli respectively. ET-agar and L-agar were also prepared by adding 15 g or, for soft agar, 5 g purified agar to 1 litre of ET-broth and L-broth, respectively. DNA sequencing. The recombinant plasmid, pETA-J3, was described previously (Sakurai et al., 1987) . A 1.45 kb DNA fragment containing the eta gene was isolated from pETA-J3 by AluI and TaqI digestion. This segment was cleaved with restriction endonucleases AluI, TaqI, Sau3A1, RsaI and DraI to give fragments of suitable size for sequencing. These were ligated to the replicative-form DNA of M13mp18 and used to transfect E. coli JM109. The phages isolated from colourless plaques were used to infect JM109. Single-stranded DNA was purified and sequenced by the dideoxy chain termination method (Sanger et a!., 1977 (Sanger et a!., , 1980 Sanger, 1981 ;  Messing di Vieira, 1982) using [ P~* P ]~C T P (ICN Radiochemicals). The DNA sequence was analysed using the DNASIS computer program (Hitachi Software Engineering Co.).
Determination of N-terminal amino acid sequence of ETA. The ETA produced by S. aureus strain ZM was purified by HPLC on a Hitachi 301 3-0column, and subjected to N-terminal sequence determination by the method of Tarr (1986) with a gas-phase protein sequencer (model 470A, ABI Co.) and on-line PTH amino acid analyser (model 120A PTH Analyzer, ABI Co.).
R E S U L T S A N D D I S C U S S I O N
Nucleotide sequence of the eta gene. The restriction map of the eta fragment and the sequencing strategy are shown in Fig. 1 . The nucleotide sequence of the 1454 bp fragment containing the eta gene was obtained in both strands (Fig. 2) . One open reading frame (ORF), extending from residue 374 to residue 12 13, was identified by computer analysis. The TAA codon at position 1214 is considered to be the translation termination codon. This 840 bp sequence codes for a polypeptide of 280 amino acid residues (Fig. 2) (Fig. 2) . A potential ribosomebinding site (Shine-Dalgarno sequence), AGGATG, was identified starting at position 361 with optimal spacing (7 bp) from the initiation codon ATG. N-terminal amino acid sequence and putative signal peptide. The 35 amino acid residues constituting the N-terminal sequence of mature ETA purified from S . aureus ZM culture supernate were determined (Table 1 ). The first amino acid, glutamic acid (E), corresponds to the 39th residue in the amino acid sequence deduced from the nucleotide sequence of the cloned eta gene; the following 34 residues were identical to those deduced from the DNA sequence. Since the 39th amino acid was identified as the N-terminal residue of the mature toxin, the signal sequence is presumed to consist of the preceding 38 amino acid residues (Fig. 2) .
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The hydropathy profile of the eta gene product (Fig. 3) shows that the N-terminal sequence contains a markedly hydrophobic stretch in the middle. Although this putative signal peptide is long, it is still within the range for a signal peptide of a protein excreted from Gram-positive bacteria. For example, protein A contains a signal sequence of 36 amino acid residues (Uhlen et al., 1983) whereas ETB has 31 (Jackson & Iandolo, 1986) . Molecular mass and amino acid composition of ETA predicted from the DNA sequence. The amino acid composition of ETA predicted from the eta gene structure is in close agreement with that of ETA derived from S . aureus strain TA reported by Johnson et al. (1979) , with only minor differences: the predicted eta gene product contains four more Val residues, two more Leu residues and one more Gly residue, but two fewer Glu + Gln residues. The total number of amino acid residues of the predicted eta gene product is 242, five more than reported by Johnson et al. (1979) . The molecular mass of ETA calculated from these 242 amino acids (26.9 kDa) is somewhat larger than that (24 kDa) estimated by gel filtration in our previous experiments (Kondo et al., 1973) .
Potential secondary structure in the 5' and ?flanking regions of the eta gene. The 5' flanking regions contain two inverted repeats (Figs 2 and 4) . Both partially overlap the -10 region of the putative promoters and thus may play regulatory roles. Inverted repeats were also identified at two positions in the 3' flanking region: the one farthest from the ORF was GC rich and was followed by seven T residues; it may correspond to a p-dependent transcription terminator (Rosenberg & Court, 1979) .
In conclusion, several characteristic structures of the eta gene and its product were identified : double promotor regions, two inverted sequences in both the 5' and the 3' flanking regions, a long signal sequence consisting of 38 amino acid residues, and an N-terminal segment Each interval between two dots in the dotted horizontal lines corresponds to four amino acid residues. Hydrophobicity of the derived cETA protein was determined according to Kyte & Doolittle (1982) using a window of four amino acid residues. Lee et al. (1987) have presented a revised DNA sequence of etb in addition to the sequence of the eta gene, and our data on eta are in agreement with their eta sequence except for minor differences in 5' and 3' flanking regions. The DNA sequence of etb which we recently obtained is also in agreement with their revised etb sequence. The comparative analyses between the eta and etb genes cloned in our department are now being carried out.
